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ABSTRACT 



Two optical input channels carry two input optical signals in 
orthogonal polarization states while located at different 
radial distances relative to a GRIN lens, so that the two input 
signals exit the lens at different angles. The two signals 
exiting the lens pass through an optical member having 
transverse optical axes where the member has different 
indices of re&action along the two axes. The member passes 
and combines the two input optical signals into one signal 
plus a single output optical channel 
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POLARIZATION BEAM COMBINER FOR FIBER 
OPTIC APPLICATIONS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates in general to optical compo- 
nents used in optical communication, and in particular a 
polarization beam combiner for fiber optic applications. 

[0002] In an effort to keep pace with bandwidth demands 
nearly doubling annually, Wavelength Division Multiplex 
(WDM) system designers are moving to more cost effective 
solutions utilizing higher chaimel counts, higher transmis- 
sion speeds and longer distance. This move drives up the 
need for more power in optical fibers. 

[0003] The Erbium-Doped Fiber Amplifiers (EDFA) and 
Raman Amplifiers are two of most popular devices for 
amplifying the optical signal along the fiber. Diode pump 
lasers in 980nm, 1480nm and 14xx nm are used for power 
pumping. The optical power from ciurrent commercial 
diodes can go up to 250 mW. But, much more power is 
needed for WDM Amplifiers, particularly for Raman Ampli- 
fiers. 

[0004] One conventional solution as indicated in FIG. 1 
for more power is to combine multiple pump lasers supply- 
ing light at different wavelengths and in different polariza- 
tion states before launching into the transmission fiber. The 
polarization beam combiner (PBC) is used to combine two 
laser powers in the same wavelength as well as different 
wavelengths, but in orthogonal states. For more gain, it is 
desirable that the PBC has low loss. A pump multiplexer is 
then used to combine all laser powers in different wave- 
lengths. 

[0005] FIGS. 2A and 2B are two prior art PBCs. In FIG. 
2A, muhiple layers of dielectric material at the diagonal 
interface between the two prisms are utilized to combine two 
beams traveling at right angles to each other. A birefringent 
crystal in FIG. 2B is used to combine two orthogonally 
polarized beams but directed through two separate GRIN 
lenses apart from each other. The prior art PBCs of both 
FIG. 1 and of FIGS. 2A and 2B are bulky because the fibers 
are either oriented at right angles to one another or are 
transmitted using separate GRIN lenses. 

[0006] It is therefore desirable to provide a low cost and 
easy-to install Polarization Beam Combiner that is more 
compact than the conventional PBCs. 

SUMMARY OF THE INVENTION 

[0007] This invention is based on the observation that, by 
employing the same GRIN lens to pass two input optical 
beams, where the two input beams are at different radial 
distances relative to the lens, a more compact PBC can be 
achieved. Since the two input optical beams are at different 
radial distances relative to the lens, the input beams will exit 
the lens at different angles. An optical member having 
transverse optical axes are then used to pass and combine the 
two beams exiting the lens, wherein the member has differ- 
ent indices of refraction along the two axes, thereby com- 
bining the two beams into one along an output channel 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram of polarization beam 
combiner to illustrate an application of pump lasers. 



[0009] FIG. 2A is a cross-sectional view of another PBC 
to illustrate another conventional design. 

[0010] FIG. 2B is a cross-sectional view of a PBC to 
illustrate yet another conventional design. 

[0011] FIG. 3A is a cross-sectional view of a PBC to 
illustrate an embodiment of the invention. 

[0012] FIG. 3B is a cross-sectional view along the line 
3B-3B in FIG. 3A. 

[0013] FIG. 3C is a schematic view illustrating one of the 
optical axes of the optical member 322 of FIG. 3A. 

[0014] FIG. 3D is a cross-sectional view along the line 
3D-3D in FIG. 3A. 

[0015] FIG. 3E is a view of member 322 and two beams 
exiting the GRIN lens of FIG. 3A to illustrate the operation 
of the invention. 

[0016] FIG. 4 is a schematic diagram illustrating a beam 
passing through the PBC of FIG. 3A in reverse direction to 
illustrate the embodiment of FIG. 3A. 

[0017] For simplicity in description, identical components 
are labeled by the same numerals in this application. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0018] FIG. 3A illustrates a compact and low cost Polar- 
ization Beam Combiner, which uses only one birefringent 
crystal. Two polarization Maintaining (PM) fibers, 301 and 
302 are embedded in a glass ferrule 310. Polarization 
Maintaining fibers are designed to maintain the signal in the 
polarization state that it was in when it entered the fiber. For 
more details regarding PM fibers, please refer to pages 81-84 
in "Understanding Optical Communications," 1998, by 
Harry Dutton. ITie cross-section view 3B-3B in FIG. 3B 
shows the positioning of two fibers 301 and 302 in the glass 
ferrule 310, and the respective polarization states of the 
input beams that they maintain. For the purposes of illus- 
tration, fiber 301 is in x-polarized state and fiber 302 in 
z-polarized state. This means the beam exiting fiber 301 will 
be linearly polarized along the x-axis, and the beam exiting 
fiber 302 will be linearly polarized along the z-axis. The 
beams travel in directions transverse to the xz plane. 

[0019] A birefringent crystal 322 made of a material such 
as YVO4, TiOj and LiNbOg is sandwiched between two 
ncar-quarter-pitch GRIN lenses 321 and 323. Hie birefrin- 
gent crystal ts slanted with an angle in the range of about 3 
to 30 degrees. The x-polarized and z-polarized beams 
emerging from fibers 301 and 302, respectively, are prefer- 
ably collimated by GRIN lens 321. Because two fibers are 
positioned at different radii with respect to the central axis 
of GRIN lens 321 as shown in cross-sectional view of FIG. 
3B, the two beams. Beam 1 and Beam 2, exit the GRIN lens 
321 with slightly different exit angles before they enter the 
crystal 322. Ilie incidence of two Beams on the crystal 322 
is shown more clearly in FIG. 3E. 

[0020] The optical axis of crystal 322 is chosen or oriented 
preferably to be along x-axis as shown in FIG. 3C, so that 
the polarizations of the two input beams are aligned with the 
axes of crystal 322. The other optical axis (not shown) of 
crystal 322 is transverse to axis 331, and preferably orthogo- 
nal to it, wherein the crystal has different indices of refrac- 
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tion along the two axes. Beam 1 and Beam 2 are extraor- 
dinary ray and ordinary ray, respectively, with respect to 
crystal 322. Therefore, Beam 1 and Beam 2 experience 
slightly different deflection at the front face 330 of the 
crystal 322, due to the different indices of refraction along 
the X and z axes experienced by the two beams. The wedge 
angle a of the crystal 322 is chosen to adjust the Beam 1 and 
Beam 2 so that they become parallel and actually combine 
into a single beam as they exit the crystal 322 along the axis 
331 of the crystal 322. The collimated beam 331 is coupled 
to the output fiber 303 by the second GRIN lens 323. 

[0021] The invention illustrated in FIG. 3A can be encap- 
sulated in a cylindrical package. All input and output fibers 
are along the y-axis. This fiber configuration makes the 
installation easy. 

[0022] FIG. 4 illustrates a process for determining the 
angle a of the crystal 322, given the difference between the 
radial distances of the two beams in channels 301, 302 from 
the axis of lens 321. A single beam passing from the right to 
the left along axis 331 will pass through and exit crystal 322 
at two different angles 0^ and 0^. Since the passage of Ught 
in the system 300 is reciprocal, two input beams incident on 
the face 330 of the crystal 322 in the opposite direction at 
angles 0^ and 0^ will combine into a single beam along axis 
331. Therefore, once the separation angle 9 (O-B^.O^^) 
between the two input beams exiting from lens 321 are 
known, the wedge angle a of the crystal 322 may be 
calculated according to the following equation: 

^ ^ „ . (fit siaa^ . (rio sinorA 

0-0, - Oo= arcsinl — - — l-arcsid — - — I 

[0023] which is derived using Snell's law, and where n is 
the index of refraction of the medium outside the crystal 
322, and n^, n^ are the indices of refraction along the x and 
z axes respectively. 

[0024] While the invention has been described above by 
reference to various embodiments, it will be understood that 
changes and modifications may be made without departing 
from the scope of the invention, which is to be defined only 
by the appended claims and their equivalents. All references 
referred to herein are incorporated by reference in their 
entireties. 



What is claimed is: 

1. An apparatus for combining at least two optical beams, 
comprising: 

two optical input channels carrying two input optical 
signals in orthogonal polarization states, said two chan- 
nels separated by a distance; 

an output optical channel; 

an optical member having transverse optical axes, 
wherein the member has different indices of refraction 
along the two axes, said member passing and combin- 
ing the two optical signals towards the output optical 

channel; and 

a GRIN lens passing the two input optical signals from the 
two input channels towards the optical member, said 
lens positioned so that the two input channels are at 
different radial distances relative to the lens so that the 
input signals exit the lens at different angles. 

2. The apparatus of claim 1, said two input signals having 
polarization planes substantially aligned with the optical 
axes of the member. 

3. The apparatus of claim 1, said lens coUimating the two 
input optical signals. 

4. The apparatus of claim 1, said member including a 
birefringent material. 

5. The apparatus of claim 1, said member having a surface 
facing the two input channels at an angle of 3 to 30 degrees 
to a direction perpendicular to the output channel. 

6. The apparatus of claim 1, said member being wedge- 
shaped, having a wedge angle in the range of 3 to 30 degrees. 

7. The apparatus of claim 1, said two input optical 
channels including two polarization maintaining optical 
fibers. 

8. A method for combining at least two optical beams, 
comprising: 

directing two input optical beams in orthogonal polariza- 
tion states to GRIN lens positioned so that the two 
beams are at different radial distances relative to the 
lens, and so that the input beams exit the lens at 

different angles; and 

passing the input beams after they exit the lens to an 
optical member having transverse optical axes, wherein 
the member has different indices of refraction along the 
two axes, said two beams exiting the lens at such angles 
that the member combines the two input optical beams 
into a single beam towards an output optical channel. 
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